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Abstract: The aim of the study is to correlate spectrophotometrical analysis data of soil and bees honey samples 
statistically evaluated in order to predict the heavy metals pollution level of a geographical area only based on 
the analysis of bee’s products (bees honey and pollen). The natural concentrations of some metals in soil vary 
from a region to another depending on the rocks nature and composition as well as on the contribution generated 
by human activities like: combustions, minerals treatment, gas additives, cigarette smoke, and other industrial 
activities. Important quantities of heavy metals are discharged in the atmosphere and in the continental and 
oceanic waters from where it is getting at tissue level. The statistical evaluation of data is able to provide 
information about the geographical areas heavy metals pollution. 
 
INTRODUCTION 
 
In the last decades it becomes very important to study the heavy metals witch toxic 
effects on human health and on the environment. In many countries were proposed normative 
acts to reduce the environmental pollution and to prevent the negative effects resulted as an 
exposure of the environment on the pollutants. 
The transfer of inorganic compounds from soil to plants and the feed/food trofic chain 
of the animals and humans were principal subjects even at the beginning of modern 
agricultural chemistry, biology sciences as well as in nutrition and health investigations of 
humans and animals. 
Heavy metals are considered all metals witch have a high specific gravity, especially 
those with density higher than 5 g/cm3. That means that heavy metals are stable elements 
witch can’t be metabolized at organism level and can be accumulated in time at tissue level. If 
the heavy metals accumulation is more rapidly than the defensive and detoxified mechanisms 
of organism it will produce a gradual accumulation of these toxins in different tissue. It can be 
concluded that to attend the toxic level is not necessary an immediately exposure of 
organisms at a high level of heavy metals. When the accumulation of heavy metals in 
organism attends critical values appears negative effects that can provoke even death 
[Bordean Despina, phD thesis]. International Community was confronted with many 
problems with negative impact on environment. That’s way the national and international 
society has become conscious about the importance of environment of planet survive. 
The problems concerning the presence of metallic elements in the environment is 
representing a major interest all over the world, even for European Union politics, because it 
is necessary to keep an unmodified environment and to assure the human health. Normative 
acts elaborated for toxic metals and those compounds controls based in generally on technical 
standards, limitative and reference values. The natural concentrations of soil in metals are 
different from one region to another, depending on the nature and composition of rocs and on 
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the human activities (fuel combustion, the ores treatment, the using of additives in petrol and 
other activities).  
The study begins first of all of the necessities to monitor the heavy metals level in 
environment and of the possibility to use the bee’s emplacements and products like 
biomarkers for quantitative determinations of these metals, because the bee is considered a 
biosentinel of environment [3]. Using heavy metals determinations in honey it is possible to 
find witch is the level of pollution of the studied region. The morph-physiological properties 
of bee and the distance route traverse for collecting activities can reduce the numbers of 
analyses necessaries for pollution level determination of studied region (air, soil, plants and 
water determinations) [Bordean Despina-Maria, PhD thesis, 2006].  
 
MATERIAL AND METHODS 
 
Soil and bees honey sampling and sample preparation 
Soils were sampled at 0 to 20 cm in 3 different years: 2003, 2004, 2005. The collected 
soil samples were dried 2 days and sieved and the impurities removed. The surface soil 
samples were analysed using the procedure recommended by Lindsay and Norvel. 
Analytical determinations 
The following parameters were determined: minerals such as Cu, Mn, Ni, Fe, Pb, Cd, 
and Zn. The analytical methods used were All the methods were as sayed and optimized for 
these samples.  
Metal content was determined using a AAS- atomic absorption spectrometry equipped 
with a D2 lamp background correction system. Determinations were carried out in triplicate.  
The method used for determination of heavy metal contends in soil samples is the one 
recommended by SR ISO: 11047 and it’s based on the measuring of heavy metal absorbance 
in royal water extracts at the specific wave length of each of the studied mineral [6] 
The honey bees samples were prepared for heavy metal content analysis using the 
method of Tananaki Chrisoula (45oC, 55 oC , 65 oC, 75 oC  for 1, 6, 24 and 48 hours) 
optimized by Despina Bordean (45oC, 65 oC, 75 oC, 100 oC  for 1, 6, 12 and 12 hours) [5]. 
Statistics 
All statistical analysis has been performed by MVSP version 3.1 software for 
Windows.  
Mathematically, Principal Components Analysis PCA consists of an eigenanalysis of a 
covariance or correlation matrix calculated on the original measurement data. Graphically, it 
can be described as a rotation of a swarm of data points in multidimensional space so that the 
longest axis (the axis with the greatest variance) is the first PCA axis, the second longest axis 
perpendicular to the first is the second PCA axis, and so forth. Thus these first few PCA axes 
represent the greatest amount of variation in the data set. When a PCA is calculated, first the 
covariance or correlation matrix is calculated for the variables. The correlation matrix is used 
if standardization is desired; this is useful if the variables have been measured on different 
scales or are of different orders of magnitude. An eigenanalysis is then performed on the 
matrix.  
There are several sets of results. First the eigenvalues are given. In PCA these equal 
the variance accounted for by each PCA axis. The eigenvalue for the first axis will be the 
largest, the second the second largest, and so on. The percentage of the total variance of each 
axis will also be calculated. Hopefully the first two or three axes will account for a large 
proportion of the variance, say 50-60% or more. In some cases the first axis might account for 
over 90-95% of the variance. In all but the simplest data sets this result should be looked at 
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with skepticism. This may occur, for instance, when a few variables have very large values 
that are one or two orders of magnitude greater than the others. The analysis will be 
dominated by these few large variables. In these situations you may want to consider using a 
correlation matrix instead or transforming the data to logs or square roots. [2] 
 
RESULTS AND DISCUSSION 
 
The evolution in time of heavy metal content in soil and bees honey samples from 
same apiary along a period of 4 years is presented in table 1. The histogram (Fig 1) is a 
graphical presentation of the content of the studied heavy metals excepting Mn and Fe , 
because the values are of higher data range .  
Table1 
Heavy metal content in bees honey and soil samples [mg/kg FM] 
Heavy metal content in soil and bees honey samples 
[ppm] Crt 
No. 
 
Soil and honey 
samples 
 
Cu Mn Ni Fe Pb Cd Zn 
1 Multifloral 2003 4.256 4.758 0.855 17.560 0.013 0 1.500 
2 Multifloral 2004 5.321 4.640 1.633 19.340 0.012 0.010 1.300 
3 Multifloral 2005 5.322 4.638 1.691 19.64 0.012 0.010 1.311 
4 Multifloral 2006 5.332 4.529 1.671 19.77 0.10 0 1.296 
5 Soil 2003 17.350 457 21.350 19160 12.880 1.900 23.05 
6 Soil 2004 18.250 467 22.200 19050 11.980 1.950 23.85 
7 Soil 2005 18.26 466 22.63 19049 11.97 1.952 23.76 
8 Soil 2006 18.33 471 22.65 19051 11.88 1.950 23.91 
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Figure 1. Cu, Ni, Pb, Cd, and Zn.content in bees honey samples and soil samples 
 
The statistical analysis is giving a better view of the influence of the heavy metals 
content in soil on the honey bees’ samples. 
1. The Cluster analysis is revealing the type of similarity between the high and low 
content of heavy metals, by grouping the low concentrate ones and the high concentrate ones, 
having similar pattern for soil and bees honey (Fig.2). 
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CLUSTER ANALYSIS     
Analysing 7 variables x 8 cases     
Data will be transposed before analysis     
Data square-root transformed     
Minimum variance     
Squared Euclidean     
Constrained clustering strategy     
     
    Objects 
Node  Group 1  Group 2  Sum of squares in group 
1 Pb Cd  17.721  2 
2 Node 1 Zn  18.633  3 
3 Mn Ni  570.225  2 
4 Cu Node 3  211.758  3 
5 Node 4 Fe  49128.496 4 
6 Node 5 Node 2  10412.618 7 
 
Minimum variance (constrained)
Squared Euclidean - Data square-root transformed
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Figure 2. Cluster analysis of heavy metal concentration in bees honey and soil samples 
 
2. The PCA analysis is showing that the variation of heavy metal content in soil is 
presenting a high influence on the honey bee’s samples heavy metals content (fig.3). 
 
PRINCIPAL COMPONENTS ANALYSIS         
 
Analysing 7 variables x 8 cases         
Data will be transposed before analysis         
Tolerance of eigenanalysis set at 1E-007         
Data standardized        
Eigenvalues         
 
   Axis 1 Axis 2       
Eigenvalues  7.825 0.172       
Percentage  97.807 2.145       
Cum. Percentage  97.807 99.952       
PCA variable loadings         
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   Axis 1 Axis 2       
Multifloral 2003  0.353 -0.352       
Multifloral 2004  0.353 -0.367       
Multifloral 2005  0.354 -0.355       
Multifloral 2006  0.354 -0.340       
Soil 2003  0.354 0.354       
Soil 2004  0.354 0.353       
Soil 2005  0.354 0.353       
Soil 2006  0.354 0.353       
 
PCA case scores         
 Axis 1 Axis 2       
Cu -0.179 -0.269       
Mn -0.176 -0.200       
Ni -0.487 0.039       
Fe 2.556 0.061       
Pb -0.609 0.160       
Cd -0.612 0.162       
Zn -0.494 0.047       
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Figure 3. Graphical representation of PCA biplot scores for heavy metal content in soil and honey bee’s samples 
 
CONCLUSIONS 
 
1. Bees fly intensively in a radius of up to 3 km, because of that their products can serve 
as bio-indicators of the contamination in this area.  
2. The bees , honey and pollen are very useful as bio-indicators of pollution [4];  
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3. Because of the high risks of contamination the apiaries should be located in areas 
situated at long enough distance from any possible pollution source and not near to the 
polluted areas. 
4. The analysis FAAS of heavy metal content of bees honey correlated with statistical 
programmes permit the reduction of the number of investication tests, being able to predict 
the evolution of future pollution level of that area 
5. The evolution of heavy metal content in environment is more visible in honey bees 
samples coming from apiaris from a choosen area as in the soil samples from same area. 
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